The relationship between Helicobacter pylori infection and gastric cancer associated with stomach lesions has been reported. Improvement of the adverse effects induced by H. pylori is required for human health. It has been reported that wasabi (Wasabia japonica Matsum) leaves have various effects on bacteria and mammals. In this study, the effect was examined of wasabi leaf extract and allyl isothiocyanate (AIT), which is a main functional component of wasabi, on stomach lesions in Mongolian gerbils infected with H. pylori. After the gerbils infected with H. pylori were orally administrated with wasabi leaf extract and AIT for two weeks, colony forming units (CFU) of H. pylori, the degree of gastric mucosal erosion, and petechial hemorrhage in the stomachs of the gerbils were evaluated. Wasabi leaf extract and AIT exhibited a decreasing tendency of CFU in the stomachs. The degree of gastric mucosal erosion and petechial hemorrhage were significantly decreased by the intake of wasabi leaf extract and AIT. Wasabi leaf extract and AIT did not affect body weight, dietary intake, water intake, and the pH of the stomach. From these results, wasabi leaves and AIT may provide a natural remedy for stomach lesions induced by H. pylori.
Wasabi (Wasabia japonica Matsum) is one of the most popular traditional spices in Japan and is referred to as Japanese horseradish. Wasabi extract shows particularly strong antimicrobial effects on bacteria associated with food poisoning, such as Escherichia coli, Salmonella, and other pathogenic bacteria [1a,b] . Wasabi extract also possesses antioxidative [2] , antimutagenic [3] and anticarcinogenic activities [4] . Several isothiocyanates, including allyl isothiocyanate (AIT), are contained in Wasabi roots and leaves, and are used as pungent components. It has also been reported that they exhibit some effects on bacteria and mammals [5a,b] . Therefore, wasabi, which contains AIT and various other components, is thought of as a versatile, functional food and tool in various fields and industries.
Helicobacter pylori is a conventional Gram-negative bacterium that infects the gastric mucosa. The relationship between H. pylori infection and gastric diseases, such as chronic gastritis, peptic ulcers, intestinal metaplasia, and gastric cancer, has been indicated in the literature [6] . Triple therapy using two antibiotics (amoxicillin and clarithromycin) and a proton pump inhibitor is a widely employed method for the treatment of H. pylori. However, these medicines induce side effects, such as diarrhea and stomatitis, and lead to the emergence of H. pylori resistantance to antibiotics. Therefore, non-antibiotic, highly effective, and safe treatments without harsh side effects are required for dealing with the gastric diseases associated with stomach lesions induced by H. pylori.
Some researchers have reported on the antimicrobial activity of wasabi roots [1a, b] . Paste made from them is eaten extensively with raw fish (sashimi), sushi (sashimi with boiled rice) and certain types of noodles (soba). However, there are few reports on the functional properties of wasabi leaves. Discoveries of new and useful properties of wasabi leaves are expected in various fields. In a previous paper, it was found that wasabi leaf extract exhibited bactericidal activity and urease activity against H. pylori using in vitro tests [7a,b] . In this study, we examined the effects of wasabi leaves and AIT on the stomach lesions of Mongolian gerbils infected with H. pylori.
In the experiment, male Mongolian gerbils either infected or uninfected with H. pylori were orally administered wasabi leaf extract (30 mg/kg B.W.), AIT (3.0 mg/kg B.W.) and/or corn oil (negative or positive control) for two weeks. After treatment with either wasabi leaf extract or AIT, the gerbils' body weights, dietary intake, water intake, as well as the pH of their stomach contents, were measured. There were no significant differences in these values between groups (Table 1 ). These results suggested that wasabi leaf extract and AIT had no adverse effects on the animals. The colony forming units (CFU) of H. pylori, gastric mucosal erosion, and petechial hemorrhage scores in the stomachs of the animals in each group are shown in Figure 1 . The CFU in the stomachs of the H. pylori-infected groups by treatment with wasabi leaf extract (1.9 ± 1.8) or AIT (2.3 ± 1.8) showed a decreasing tendency compared with the positive control group (3.4 ± 1.4) (Table 1) . Therefore, it was thought that wasabi leaf extract and AIT show antimicrobial activity toward H. pylori. The gastric mucosal erosion score and petechial hemorrhage in the stomachs of each group are shown in Figure 1 . Wasabi leaf extract and AIT did not increase the scores of either gastric mucosal erosion or petechial hemorrhage of the uninfected Mongolian gerbils compared with the negative control. Therefore, it is thought that the treatment caused no additional damage to the stomach. Wasabi leaf extract and AIT significantly decreased the score of gastric mucosal erosion in the H. pylori-infected animals compared with the positive-control Injury to gastric mucosal erosion and petechial hemorrhage were scored as follows: gastric mucosal erosion (0, normal; 1, edematous; 2, erosion; 3, multiple erosions; 4, ulcer), hemorrhage (0, no bleeding; 1, one small bleeding spot; 2, multiple small bleeding spots; 3, one bleeding area; 4, multiple bleeding areas). Values represent the mean ± SD for 5. * and ** represents P < 0.05 and 0.01, compared with the control. group. Wasabi leaf extract also significantly inhibited petechial hemorrhage scores. AIT showed a decreasing tendency on gastric mucosal scores. Figure 2 shows some microscopic views of the stomachs of Mongolian gerbils in each group. It was confirmed that hemorrhagic spots and lesions were not observable in the H. pyloriuninfected group (control (-) group, the wasabi leaves (-) group and the AIT (-) group). In the control (+) group infected with H. pylori, hemorrhagic spots and lesions were recognized in the stomach. However, these findings were decreased by the administration of wasabi leaf extract (wasabi extract (+) group) and AIT (AIT (+) group). From these results, it was thought that wasabi leaf extract and AIT display improvement effects on the stomach lesions of Mongolian gerbils infected with H. pylori.
AIT is well known as the main component related to the bactericidal activity of wasabi, and exhibits antibacterial activities against a variety of microorganisms. Previous studies have demonstrated that AIT shows stronger antibacterial effects on Gram-negative bacteria than on Gram-positive bacteria. AIT exhibits an antibacterial effect similar to that of polymyxin B, which is an antibiotic. The effect is thought to be induced by a damaging action of AIT on cell membranes, which is followed by leakage of cellular metabolites from the cells [1a] . Kawakishi and Kaneko showed that AIT interacted with oxidized glutathione and cysteine in proteins [8] . Disulfide bonds in the structure of proteins, such as insulin, bovine serum albumin, ovalbumin, and lysozyme, are also cleaved by AIT [8] . Thiourea-like derivatives are formed between lysine and arginine residues by AIT [9] . From these reports, it is thought that AIT might act directly on H. pylori to show these antibacterial effects. By releasing urease, H. pylori is able to survive in the stomach under acidic conditions. In previous papers, it was reported that wasabi leaves and root extracts showed inhibitory effects on urease activity against H. pylori in in vitro tests [7a,b] . This seems to indicate that wasabi extract contributes to the improvement of the stomach conditions in vivo. The concentration of AIT during oral administration is an important factor in showing anti-H. pylori activity. In this study, the concentration of AIT in wasabi leaves extract was 0.38 mg/g leaves. For results, the oral administration dose of AIT within the wasabi leaves extract was 0.30 mg / kg B.W. Therefore, it is thought that various components other than AIT might also contribute to the improvement effect. quercetin-3-O--D-glucoside, showed anti-H. pylori characteristics [10] . Anti-H. pylori activity of isopentenyloxycinnamyl derivatives from Boronia pinnata has also been reported [11] . These components significantly reduced the ability of H. pylori to colonize the gastric mucosa in mice. Our previous study demonstrated that a single administration of wasabi leaf extract decreased the level of 8oxo-7,8-dihydro-2'-deoxyguanosine (8-oxo-dG) and oxidative DNA damage in the stomachs of Mongolian gerbils infected with H. pylori [12] . Various polyphenols showing antioxidative activity in wasabi leaves have been identified [4, 13] . Takabayashi et al. reported the inhibitory effects of green tea catechins in combination with sucralfate on stomach lesions using Mongolian gerbils infected with H. pylori ATCC 43504 [14] . Therefore, it is assumed that the improvement effects of wasabi extract might be induced by synergistic interactions of various components, such as isothiocyanates and antioxidative polyphenols in wasabi leaf extract.
In this study, wasabi leaves extract and AIT exhibited improvement effects on stomach lesions induced by H. pylori. Wasabi leaves may become known as a potent anti-H. pylori substance and a useful tool in the prevention of gastric diseases caused by H. pylori. In the future, new applications of wasabi leaves in the medicinal field can be expected.
Experimental
Animals: Male Mongolian gerbils (13 weeks old, MGS/Sea) infected with H. pylori (ATCC43504) were bought from Seac Yoshitomi (Fukuoka, Japan). The animals were housed in cages and kept at a temperature of 23  2C and a humidity of 55  5% under a 12 h light and dark cycle. They were given CE-2 sterilized by γ-ray irradiation (Oriental Yeast Co., Ltd., Tokyo, Japan) and water ad libitum throughout the experiment. The animals were handled according to the guidelines of the Committee for Ethics in Animal Experimentation of the University of Shizuoka.
Wasabi leaf extract:
Leaves of Wasabia japonica were kindly provided by Tamaru-ya Honten (Shizuoka, Japan). Fresh leaves (250 g) were frozen with liquid nitrogen for 5 min. and then pulverized with a blender. Two hundred g was mixed with 600 mL of distilled water and agitated at 37C for 60 min to maximize the yield of AIT (Wako pure chemical industries, Ltd., Osaka, Japan). Three volumes of diethyl ether were added to the mixture and stirred for 1 h. The mixture was then centrifuged at 5,000 × g for 30 min and filtered through glass wool. Precipitates were extracted twice more with the same volume of diethyl ether. Each pooled supernatant was separated into aqueous and solvent layers with a separating funnel. The solvent layer was then concentrated in a rotary evaporator. The concentrate was diluted with corn oil and used as wasabi leaf extract. 220C; carrier gas: helium, 30 mL/min; split ratio: 1:50; injection volume: 1 μL. Relative concentration of AIT was calculated based on GC peak areas.
Qualitative analysis of AIT in Wasabi leaves

Experimental group:
The male Mongolian gerbils were divided into 6 groups: (1) uninfected / not fed with either wasabi extract or AIT (negative control), (2) infected / not fed with either wasabi extract or AIT (positive control), (3) uninfected / fed with wasabi extract, (4) uninfected / fed with AIT, (5) infected / fed with wasabi extract, and (6) infected / fed with AIT. Each group was administered corn oil (negative and positive control), wasabi leaf extract (30 mg/kg body weight/day) and AIT (3.0 mg/kg body weight/day) for 2 weeks.
Counting colony forming units (CFU):
To count colony forming units (CFU), half of each stomach was cut finely, homogenized in 7 mL of sterilized saline, followed by serial dilution with the same saline. Aliquots of the diluted homogenate (0.1 mL) were inoculated onto the H. pylori-selective agar plate containing 5% sheep blood (Nissui Pharmaceutical Co., Tokyo, Japan). The plates were incubated at 37C under microaerophilic conditions for 5 days. After the incubation period, purple colonies that exhibited urease activity were counted, and the number of viable H. pylori cells was expressed as the number of CFU/g of gastric mucus.
The degrees of gastric mucosal erosion and hemorrhage:
The degrees of gastric mucosal erosion and hemorrhage were determined as previously reported [10] . Both were measured by checking the following parameters: gastric mucosal erosion (0, normal; 1, edematous; 2, erosion; 3, multiple erosion; 4, hemorrhage erosion and/or ulcers larger than 1 mm in diameter); hemorrhage (0, no bleeding; 1, one small bleeding spot; 2, multiple small bleeding spots; 3, one bleeding area; 4, multiple bleeding areas).
Statistical analysis:
The results were analyzed using Student's t test using Microsoft Excel 2010 (Microsoft, Redmond, Wash., USA) for continuous variables. The significance levels were set at P < 0.05 and 0.01.
